The C-terminal domain of the Xenopus cyclin-dependent kinase inhibitor, p27Xic1, is both necessary and sufficient for phosphorylation-independent proteolysis.
Cell cycle progression is regulated by cyclin-dependent kinases (CDKs), cyclins, and CDK inhibitors. In the frog, Xenopus laevis, the CDK inhibitor p27(Xic1) (Xic1) inhibits DNA synthesis by negatively regulating CDK2-cyclin E. Using the frog egg extract as a model system for the study of Xic1, studies have demonstrated that Xic1 protein levels are regulated by nuclear ubiquitination and proteolysis. To characterize the molecular mechanism that regulates Xic1 turnover, we have identified the minimal sequences of Xic1 that are necessary and sufficient for its nuclear ubiquitination and degradation. Using deletion mutagenesis, our studies indicated that the C-terminal 50 amino acids of Xic1 are critical for its proteolysis beyond a role in nuclear transport. Replacement of the Xic1 C terminus with the SV40 nuclear localization sequence resulted in the nuclear localization of Xic1 but not its ubiquitination or degradation. Our deletion studies also indicated that the CDK2-cyclin binding domain of Xic1 is important for its efficient retention in the nucleus. Further deletion analyses identified at least 3 lysine residues within the Xic1 C terminus that are targeted for specific ubiquitination. Importantly, our studies demonstrated that the Xic1 C-terminal 50 amino acids can serve as a nuclear degradation signal when fused to a stable heterologous nuclear protein. Moreover, a 30-amino-acid region within the C terminus of Xic1 can serve as a nuclear ubiquitination signal. To address the role of phosphorylation on Xic1 turnover, all the potential phosphorylation sites within the C-terminal 50 amino acids of Xic1 were mutated to alanine to prevent possible phosphorylation. This resulted in a Xic1 protein that was nevertheless degraded in a manner similar to wild-type Xic1, suggesting that phosphorylation of Xic1 is not critical for its nuclear ubiquitination or proteolysis.